Astrocytes are known to express the gap junction forming proteins connexin30 (Cx30) and connexin43 (Cx43), but it has remained controversial whether these cells also express connexin26 (Cx26). To investigate this issue further, we examined immunofluorescence labelling of glial connexins in wild-type vs. transgenic mice with targeted deletion of Cx26 in neuronal and glial cells (Cx26fl ⁄ fl:Nestin-Cre mice). The Cx26 antibodies utilized specifically recognized Cx26 and lacked cross reaction with highly homologous Cx30, as demonstrated by immunoblotting and immunofluorescence in Cx26-transfected and Cx30-transfected C6 glioma cells. Punctate immunolabelling of Cx26 with these antibodies was observed in leptomeninges and subcortical brain regions. This labelling was absent in subcortical areas of Cx26fl ⁄ fl:Nestin-Cre mice, but persisted in leptomeningeal tissues of these mice, thereby distinguishing localization of Cx26 between parenchymal and non-parenchymal tissue. In subcortical brain parenchyma, Cx26-positive puncta were often co-localized with astrocytic Cx43, and some were localized along astrocyte cell bodies and processes immunolabelled for glial fibrillary acidic protein. Cx26-positive puncta were also co-localized with punctate labelling of Cx47 around oligodendrocyte somata. Comparisons of Cx26 labelling in rodent species revealed a lower density of Cx26-positive puncta and a more restricted distribution in subcortical regions of mouse compared with rat brain, perhaps partly explaining reported difficulties in detection of Cx26 in mouse brain parenchyma using antibodies or Cx26 gene reporters. These results support our earlier observations of Cx26 expression in astrocytes and its ultrastructural localization in individual gap junction plaques formed between astrocytes as well as in heterotypic gap junctions between astrocytes and oligodendrocytes.
Introduction
Macroglial cells in the central nervous system (CNS) are highly interconnected by gap junctions, creating what has been described as a functional panglial network (Giaume & Theis, 2010; Rash, 2010; Maglione et al., 2010) . Multiple gap junction-forming connexin proteins participate in the establishment of these networks, such that connexin30 (Cx30) and Cx43 expressed in astrocytes contribute to the formation of homotypic astrocyte-astrocyte (A ⁄ A) gap junctions as well as to heterotypic astrocyte-oligodendrocyte (A ⁄ O) gap junctions with Cx32 and Cx47 expressed in oligodendrocytes (Scherer et al., 1995; Li et al., 1997 Li et al., , 2008 Nagy & Rash, 2000; Altevogt et al., 2002; Altevogt & Paul, 2004; Nagy et al., 2004; Kleopa et al., 2004) . Cx29 is also expressed in oligodendrocytes, but appears to be incapable of forming functional gap junctions (Altevogt et al., 2002; Ahn et al., 2008) . The complex subcellular compartments in which macroglial cells form gap junctions and targeting of connexins to these compartments has been extensively investigated (Mugnaini, 1986; Yamamoto et al., 1990; Wolburg & Rohlmann, 1995; Rash et al., 1997 Rash et al., , 2001a Kamasawa et al., 2005 ; reviewed in Theis et al., 2005; Orthmann-Murphy et al., 2008; Rash, 2010) . This body of knowledge has provided the basis for understanding numerous anatomical and physiological impairments resulting from glial connexin gene deletion in mice (Sutor et al., 2000; Menichella et al., 2003 Menichella et al., , 2006 Dere et al., 2003; Frisch et al., 2003; Theis et al., 2003; Odermatt et al., 2003; Wallraff et al., 2006; Rouach et al., 2008) and the basis for CNS diseases caused by mutations in glial connexin genes in humans (Bahr et al., 1999; Paulson et al., 2002; Paznekas et al., 2003 Paznekas et al., , 2009 Uhlenberg et al., 2004; Orthmann-Murphy et al., 2007 , 2008 .
Identification of each of the connexins expressed by glial cells is particularly important given the possibility that loss or mutation of one connexin may be compensated for to some extent by the presence or altered expression pattern of another at particular subcellular locations within the glial syncytium. In this regard, controversies surrounding the expression of Cx26 in astrocytes of rodent brain over the past decade have prevented focus of attention on possible contributions of this connexin to normal CNS function or to pathophysiology in CNS disease conditions. Thus, although well characterized in leptomeningeal cells (Spray et al., 1991; Rash et al., 2001b) , data on expression, distribution and cellular localization of Cx26 in brain parenchyma has been surrounded with uncertainties; earlier disparate reports on this topic have been reviewed . Our own comprehensive analyses of Cx26 in CNS parenchyma indicated lack of its expression in cerebral cortex, but showed moderate expression in subcortical brain regions, where it was found to be localized in A ⁄ A and O ⁄ A gap junctions (Nagy et al., 2001) . Others have also reported the presence of Cx26 in brain parenchyma (Mercier & Hatton, 2001) and its localization at astrocyte gap junctions (Altevogt & Paul, 2004) . However, Filippov et al. (2003) have reported the absence of b-galactosidase in astrocytes of transgenic mice that had one allele of the Cx26 coding sequence replaced with the LacZ reporter DNA.
Here, we again address the question of Cx26 expression in brain and clarify issues centred on the specificity of the Cx26 antibodies that have been used to explore Cx26 localization in the CNS. Specifically, we conducted immunohistochemical studies with transgenic mice in which Cx26 was deleted in CNS cells using Cx26fl ⁄ fl:Nestin-Cre mice.
Materials and methods

Antibodies and animals
The connexin antibodies used in this study were obtained from Invitrogen ⁄ Zymed Laboratories (Carlsbad, CA, USA), including those against Cx26 (cat. nos. 51-2800 and 33-5800), specificities of which have been reported (Nagy et al., 2001) . We have previously shown that two additionally available Cx26 antibodies cross-react with Cx30 (Nagy et al., 2001) , and were therefore not used in the present study. Polyclonal anti-glial fibrillary acidic protein (GFAP) was obtained from Invitrogen (Camarillo, CA, USA). Cx26fl ⁄ fl female mice (Cohen-Salmon et al., 2002) were mated to male mice expressing the Cre recombinase under control of the rat Nestin promoter and enhancer (Tronche et al., 1999) . Female Cx26+ ⁄ fl mice were bred to Cx26+ ⁄ fl:Nestin-Cre male mice to obtain Cx26fl ⁄ fl:Nestin-Cre mice and control littermates. Eight wild-type adult mice, five Cx26fl ⁄ fl:Nestin-Cre adult mice (Cx26 () ⁄ )) ) and one Cx26
heterozygous adult C57BL ⁄ 6 mouse were used in this study. Animals were utilized according to approved protocols by the Central Animal Care Committee at the University of Manitoba, with minimization of the numbers of animals used.
Light microscopic immunofluorescence
Immunohistochemistry was performed according to standard protocols as we have previously described (Penes et al., 2005; Li et al., 2004) . For studies involving Cx26fl ⁄ fl:Nestin-Cre mice and their wild-type littermates, animals were deeply anaesthetized by a peritoneal injection of a 0.9% NaCl, 10% Ketavet, 2% xylazine hydrochloride solution. The mice were subsequently transcardially perfused with 3 mL phosphate-buffered saline (PBS) and the brains were removed and placed for 20 min into fixative containing 0.16 m sodium phosphate buffer, pH 7.6, 2% freshly depolymerized paraformaldehye and 0.2% picric acid. Brains were then transferred to cryoprotectant consisting of 10% sucrose in 25 mm sodium phosphate buffer, pH 7.4, and stored for a minimum of 24-72 h in this solution. Tissue sections were cut on a cryostat at 10 lm thickness and then washed for 20 min in 50 mm Tris-HCl, pH 7.4, containing 1.5% sodium chloride (TBS) and 0.3% Triton X-100 (TBSTr). For immunolabelling of Cx26, sections were incubated in TBSTr for 24 h at 4°C with monoclonal or polyclonal anti-Cx26 at a concentration of 2-3 lg ⁄ mL. For double immunofluorescence labelling, sections were incubated simultaneously with two primary antibodies (a mouse monoclonal and a rabbit polyclonal -Cx26 + GFAP; Cx26 + Cx43; Cx26 + Cx30; Cx26 + Cx47) for 24 h at 4°C, then washed for 1 h in TBSTr, and incubated for 1.5 h at room temperature simultaneously with appropriate combinations of secondary antibodies, which included -fluorescein isothiocyanate (FITC)-conjugated horse anti-mouse IgG diluted 1 : 100 (Vector Laboratories, Burlingame, CA, USA), Cy3-conjugated goat anti-mouse IgG diluted 1 : 200 (Jackson ImmunoResearch Laboratories, West Grove, PA, USA), Alexa Fluor 488-conjugated goat anti-rabbit IgG diluted 1 : 1000 (Molecular Probes, Eugene, OR, USA) and Cy3-conjugated donkey anti-rabbit IgG diluted 1 : 200 (Jackson ImmunoResearch Laboratories). All antibodies were diluted in TBSTr containing 5% normal goat or normal donkey serum. After secondary antibody incubations, sections were washed in TBSTr for 20 min, then in 50 mm Tris-HCl buffer, pH 7.4, for 30 min, and covered with antifade medium and coverslipped. Control procedures included omission of one of the primary antibodies with inclusion of each of the secondary antibodies to establish absence of inappropriate cross-reactions between primary and secondary antibodies or between different combinations of secondary antibodies. Conventional and confocal immunofluorescence images were acquired on a Zeiss Axioskop2 fluorescence microscope using axiovision 3.0 software (Carl Zeiss Canada, Toronto, ON, Canada) and on an Olympus Fluoview IX70 confocal microscope using olympus fluoview software (Olympus Canada, Inc., Markham, ON, Canada), and assembled using Adobe Photoshop CS (Adobe Systems, San Jose, CA, USA), CorelDraw Graphics Suite 12 (Corel Corp., Ottawa, ON, Canada) and northern eclipse software (Empix Imaging, Mississauga, ON, Canada).
Cell culture and transfection
C6 rat glioma cells or C6 cells stably expressing Cx26 (C6-Cx26; gift from D. J. Belliveau, University of Western Ontario, London, ON, Canada) were grown in Dulbecco's modified Eagle's medium (DMEM) supplemented with 10% fetal bovine serum and maintained in an incubator at 37°C with 5% CO 2 . C6 cells were transiently transfected with a mouse Cx30 expression plasmid (C6-Cx30; gift from R. Nickel, Centre for Auditory Research, The Ear Institute, University College London, London, UK) or plasmid vector (C6-vector) using Lipofectamine 2000 reagent (Gibco BRL Life Technologies) and taken for analysis of protein expression 24 h posttransfection. For fixation of cultures, cells grown on glass coverslips were washed in sodium phosphate buffer containing 0.9% NaCl, pH 7.4 (PBS), fixed for 5 min in ice-cold 1% formaldehyde in PBS, rinsed in PBS and stored at 4°C. Light microscopic immunofluorescence of cultured cells was conducted as described above for tissue sections.
Western blotting
Animals were deeply anaesthetized with an intraperitoneal injection of equithesin, decapitated, and thalamus and liver dissected at 4°C and flash frozen for storage at )80°C. Tissue was homogenized in 14 volumes of IP buffer (20 mm Tris-HCl, pH 8.0, 140 mm NaCl, 1% Triton X-100, 10% glycerol, 1 mm EGTA, 1.5 mm MgCl 2 ) supplemented with 5 ll ⁄ mL protease inhibitor cocktail (Roche Diagnostics, Laval, QC, Canada) in a glass Teflon homogenizer and then briefly sonicated. For preparation of cell lysates, cells grown on 100-mm culture dishes were rinsed with PBS and then lysed in ice-cold IP buffer and briefly sonicated. Protein concentrations for all samples were determined using a kit (BioRad Laboratories, Hercules, CA, USA). For immunoblotting, 30 lg of liver or thalamus per lane, or 15 lg per lane of C6-Cx26, C6-Cx30 or C6-vector cell lysate were diluted in loading buffer with 10% 2-mercaptoethanol and separated on 10% SDS-PAGE gels. Proteins were transferred to nitrocellulose membranes (0.2 lm) for 45 min at 100 V in standard transfer buffer with 0.05% sodium dodecyl sulfate. Following blocking for 60 min in TBS-Tw (20 mm Tris, pH 8.0, 150 mm NaCl, 0.2% Tween-20) containing 5% skimmed milk powder, immunoblots were incubated overnight at 4°C with 2 lg ⁄ mL anti-Cx26 Ab51-2800 or 2 lg ⁄ mL anti-Cx30 Ab71-2200 diluted in TBS-Tw containing 1% skimmed milk. After washing in TBS-Tw, incubation for 1 h at room temperature with horseradish peroxidase-conjugated goat anti-rabbit IgG diluted 1 : 5000 (Sigma) and final washes in TBS-Tw, immunoreactive bands were revealed by chemiluminescence (Amersham Biosciences Ltd, Baie d'Urfe, QC, Canada).
Results
Characterization of anti-Cx26 and anti-Cx30 antibodies
Due to the high amino acid sequence homology between Cx26 and Cx30, specific recognition of Cx26 using polyclonal and monoclonal anti-Cx26 Ab51-2800 and Ab33-5800 and recognition of Cx30 using polyclonal anti-Cx30 Ab71-2200 was confirmed by immunoblotting of tissues in which expression of these connexins was previously documented (Nagy et al., 1999 (Nagy et al., , 2001 ) and in lysates from C6 glioma cells expressing these connexins. Both monoclonal and polyclonal anti-Cx26 antibodies detected a specific band migrating at approximately 26 kDa in total protein from liver ( Fig. 1A and B, lanes 1, 6) , thalamus ( Fig. 1A and B, lanes 2, 7) and C6 cells stably expressing Cx26 (Fig. 1A and B, lanes 3, 8) , but not in lysates from C6 cells transiently transfected with Cx30 ( Fig. 1A and B, lanes 4, 9) or control vector-transfected C6 cells (Fig. 1A and B, lanes 5, 10) . The specificity of polyclonal anti-Cx30 was indicated in blots of total protein isolated from thalamus (Fig. 1C, lane 11) and from C6 cells transiently transfected with a mouse Cx30 expression plasmid (Fig. 1C, lane 12) , where a band migrating at 30 kDa was detected, but which was absent in lysates from C6 cells stably expressing Cx26 (Fig. 1C, lane 13 ) and in control vector-transfected C6 cells (Fig. 1C,  lane 14) . The lack of anti-Cx26 reaction with Cx30 in the thalamus and in Cx30-transfected C6 cells, as shown by the absence of a band in protein isolates from these sources (Fig. 1A and B, lanes 2, 7 and 3, 8) that co-migrates with Cx30 (Fig. 1C, lanes 11, 12) , indicated that the Cx26 Ab33-5800 and Ab51-2800 antibodies did not cross-react with Cx30 in these preparations.
Immunofluorescence labelling specificity of anti-Cx26 and antiCx30 was tested using C6 glioma cells. In C6 cells stably expressing Cx26, both polyclonal and monoclonal anti-Cx26 (Ab51-2800 and Ab33-5800) produced robust immunolabelling of Cx26 that was localized intracellularly, along cell processes and at cell-cell contacts ( Fig. 2A and B) . Control C6 cells transfected with empty vector were devoid of labelling with these antibodies (Fig. 2C and D) . In C6 cells transiently transfected with Cx30 and grown to near confluence, polyclonal anti-Cx30 produced moderate to intense immunolabelling of Cx30 that was localized intracellularly and punctate labelling that was localized at cell-cell contacts in cases where pairs of adjacent cells each displayed Cx30 expression (Fig. 2E) . Similar results were obtained with monoclonal anti-Cx30 Ab71-2200 (not shown). Control vector-transfected C6 cells were devoid of immunolabelling with polyclonal anti-Cx30 (Fig. 2F ) and with monoclonal anti-Cx30 (not shown). In Cx30-transfected sister cultures corresponding to that shown in Fig. 2E , there was a total lack of Cx30 detection with either polyclonal anti-Cx26 (Fig. 2G) or monoclonal anti-Cx26 (Fig. 2H) , indicating that these antibodies did not cross-react with Cx30.
Immunolabelling of Cx26 in wild-type and Cx26fl ⁄ fl:Nestin-Cre mice
In addition to expression of Cx30 and Cx43 in astrocytes, we previously reported that Cx26 is also expressed in astrocytes located in subcortical regions of rat CNS, but not in those located in cerebral cortex (Nagy et al., 2001) . Consistent with these earlier observations, polyclonal and monoclonal anti-Cx26 (Ab51-2800 and Ab33-5800) produced punctate immunofluorescence labelling in various subcortical regions of C57BL ⁄ 6 mice, as shown with monoclonal anti-Cx26 Ab33-5800 in the reticular thalamic nucleus (Fig. 3A) , subthalamic nucleus ( Fig. 3B) and hypothalamus (Fig. 3C) . Similar labelling was also observed in other thalamic nuclei as well as midbrain and brainstem regions (not shown). Parenchyma of cerebral cortex was devoid of labelling for Cx26 (not shown), consistent with our previous observations in rat brain (Nagy et al., 2001) , and Cx26 was also undetectable in mouse hippocampus (not shown). In Cx26fl ⁄ fl:NestinCre mice, immunolabelling with these antibodies was totally absent in brain parenchyma, as shown with monoclonal anti-Cx26 Ab33-5800 in the reticular thalamic nucleus (Fig. 3D) , subthalamic nucleus ( Fig. 3E ) and hypothalamus (3F). Patterns of immunolabelling for other glial connexins, including Cx30, Cx32, Cx43 and Cx47, were unchanged in the Cx26fl ⁄ fl:Nestin-Cre mice (not shown). Thus, the above anti-Cx26 antibodies specifically detect Cx26 in brain and lack cross-reaction with other glial connexins. Although not quantified, it should be noted that the density of punctate labelling for Cx26 in subcortical regions of mice was lower than observed in subcortical areas of rat brain (Nagy et al., 2001) . Although the Cx26fl ⁄ fl:NestinCre mice appear not to exhibit any phenotypic abnormalities, they have not as yet been studied in the context of functional deficits. Any potential deficits would presumably be restricted to systems and cell types in which Nestin promoter-driven Cre recombinase would cause deletion of the Cx26 coding DNA.
We and others have shown that a proportion of Cx26-positive puncta in rat brain is co-localized with Cx30 and Cx43 at A ⁄ A gap junctions (Nagy et al., 2001; Mercier & Hatton, 2001; Altevogt & Paul, 2004) as well as with Cx47 at A ⁄ O gap junctions (Nagy et al., 2001) . To examine further the cellular localization of Cx26 detected in brain parenchyma, immunofluorescence labelling for Cx26 was conducted in combination with the astrocyte marker GFAP, notwithstanding that labelling for GFAP typically does not delineate the full expanse of astrocyte processes and that not all astrocytes, in particular, in the thalamus do express GFAP (Bushong et al., 2002; Barres, 2008) . In various subcortical brain regions, some immunolabelling for Cx26 was co-distributed with GFAP-positive astrocytes in both rat (Fig. 4A) and mouse (Fig. 4B) analyses revealed Cx26-positive puncta localized along GFAPpositive astrocyte cell bodies and processes, as shown in the subthalamic nucleus (Fig. 4C ) and reticular thalamic nucleus (Fig. 4D ) of rat brain and the reticular thalamic nucleus of mouse brain (Fig. 4E) . As previously observed in rat (Nagy et al., 2001) , double labelling for Cx26 in combination with Cx43 revealed substantial colocalization of the two connexins in subcortical brain regions, as shown in the reticular thalamic nucleus (Fig. 4F) , providing support for the localization of Cx26 at glial gap junctions. Equally revealing was double immunofluorescence labelling for Cx26 in combination with Cx47. Expression of Cx47 is restricted exclusively to oligodendrocytes in rodent brain (Kleopa et al., 2004; Menichella et al., 2003; Odermatt et al., 2003) , and we have previously shown that Cx47-positive puncta are heavily concentrated on the somata and initial processes of oligodendrocytes, allowing clear delineation and visualization of these cells even in the absence of oligodendrocyte cell body markers (Kamasawa et al., 2005; Li et al., 2008) . In subcortical brain regions, punctate immunolabelling for Cx47 associated with oligodendrocytes and their initial processes was often co-localized with Cx26, as shown in the reticular thalamic nucleus (Fig. 4G) . In wild-type mice, dense immunolabelling for Cx26 was associated with leptomeninges along brain ventricular surfaces, such as those at the dorsal aspect of the third ventricle (Fig. 5A) , and along blood vessels penetrating into the brain, as shown in the cerebral cortex (Fig. 5C ). This non-parenchymal expression of Cx26 was preserved in Cx26fl ⁄ fl:Nestin-Cre mice (Fig. 5B, D and E) . These results indicate that Cx26-positive leptomeningeal cells had not expressed the Nestindriven Cre recombinase, although a 99% recombination efficacy was described for Nestin-Cre activity in mice and Nestin was first identified in neuroepithelial precursor cells of the rat (Dubois et al., 2006; Lendahl et al., 1990) . Therefore, Cx26 continues to be expressed in leptomeningeal cells, presumably at gap junctions between these cells. This fortuitous outcome allowed us to distinguish between parenchmal and non-parenchymal Cx26 expression, and revealed the more limited extent to which Cx26 associated with leptomeningeal tissues contributes to detection of Cx26 near brain surfaces.
Discussion
Using ablation of antibody target in transgenic mice, which represents the 'gold standard' for demonstrations of antibody specificity (Lorincz & Nusser, 2008) , the present results validate our earlier observations on parenchmal Cx26 expression in adult rodent brain (Nagy et al., 2001) . Further support for this parenchymal glial expression is provided here by localization of Cx26-puncta on GFAP-positive astrocytes, and co-localization of Cx26-puncta with two parenchymal connexins, astrocytic Cx43 and in particular oligodendrocytic Cx47, which is not present in leptomeninges. More direct evidence for cellular localization of gap junctions containing Cx26 in brain parenchyma has been previously provided by ultrastructural data on Cx26 using freeze-fracture replica immunogold labelling in rodent brain, where labelling for Cx26 in parenchymal CNS regions was found exclusively at A ⁄ A gap junctions and on the astrocyte side of A ⁄ O gap junctions (Nagy et al., 2001 Rash et al., 2001b Rash et al., , 2007 . It should be noted, however, that in view of Nestin expression in neuroepithelial precursor cells (Lendahl et al., 1990; Dubois et al., 2006) , it remains unclear whether these cells, or indeed any other type of cells, express Cx26 during early brain development.
Six factors have contributed to uncertainty and confusion regarding Cx26 expression in rodent brain:
1. Antibodies developed against Cx26 prior to the discovery of Cx30 were later found to cross-react with Cx30 (Nagy et al., , 1999 (Nagy et al., , 2001 . The high amino acid sequence similarity between Cx26 and Cx30 raised concerns that immunohistochemical results on Cx26 in brain simply reflect cross-reaction of antiCx26 antibodies with Cx30. This problem was circumvented by development of antibodies that were demonstrated to be specific for Cx26; these antibodies were shown to recognize a Cx26 protein in subcortical brain parenchyma, to label A ⁄ A and A ⁄ O gap junctions in brain, and to lack recognition of Cx30 in brain as shown by Western blotting (Nagy et al., 2001) . Furthermore, the cerebral cortex showed moderate immunolabelling for Cx30, but anti-Cx26 Ab51-2800 and Ab33-5800 both fail to yield any detectable immunolabelling in cerebral cortical parenchyma (Nagy et al., 2001; present results) , indicating lack of cross-reaction of these antibodies with Cx30. The specificity of these antibodies was confirmed here using cells transfected with Cx26. The sequence of 13 amino acid residues against which anti-Cx26 Ab51-2800 and Ab33-5800 were generated shares only four residues in common with Cx30. In our experience in developing antibodies against individual connexins, such a low homology has never resulted in cross-reactions where these antibodies detect an inappropriate connexin. 2. Development of antibodies specific for Cx26 vs. Cx30 left no other choice than an epitope peptide target sequence in Cx26 containing adjacent lysines (KK), which are prone to cross-linking upon fixation, potentially rendering the epitope undetectable with strong or prolonged fixation methods. Thus, we have emphasized the need for weak tissue fixation conditions for adequate detection of Cx26 in brain parenchyma . Use of a stronger formaldehyde fixation protocol or longer duration of fixation in conjunction with these antibodies may still allow detection of, for example, the typically large Cx26-containing gap junctions associated with liver hepatocytes or the dense signals associated with leptomeninges, but could eliminate detection of the lower levels of Cx26 at the typically smaller gap junctions between astrocytes. 3. The density of punctate immunofluorescence labelling for Cx26 that we previously reported in subcortical regions of rat brain was greater than that observed here in the corresponding regions of mouse brain. Whether this reflects differences in relative levels of Cx26 in these brain regions of the two species or differences in immunohistochemical detectability requires further analyses. Regardless, controversies could arise when comparing results on Cx26 in mouse brain with those we previously reported in rat brain (Nagy et al., 2001 ) without regard to species differences in either connexin expression levels and ⁄ or technical limitations in connexin detection. The molecular basis for differences in Cx26 expression patterns in mouse and rat, and the impact of these differences on physiological functions of the glial syncytial network remain to be determined. 4. Leptomeningeal tissue covers not only brain surfaces but also extend from those surfaces along blood vessels penetrating into brain (Mercier & Hatton, 2001) . It may therefore be considered that all Cx26 in brain is associated with leptomeninges, and any apparent parenchymal Cx26 has simply been misattributed as to cellular localization. However, immunofluorescence labelling for leptomeningeal Cx26 in both mouse and rat brain characteristically consists of large intensely labelled puncta, arrays of which along blood vessels in subcortical areas can often be distinguished from finer, more dense and randomly distributed Cx26-puncta that are not associated with blood vessels and that are presumably of parenchymal localization. The present result showing the persistence of Cx26 in leptomeninges of Cx26fl ⁄ fl:Nestin-Cre mice serves to resolve the extent to which detection of this connexin originates from leptomeningeal tissue, and provides a clear distinction between leptomeningeal Cx26 and the parenchymal Cx26 that undergoes gene deletion in these mice. The loss of Cx26 in astrocytes vs. the unaltered expression of Cx26 in leptomeninges of Cx26fl ⁄ fl:Nestin-Cre mice indicates lack of Nestin expression in Cx26-positive leptomeningeal cells and precursors. These mice thus provide a convenient means of distinguishing Cx26 localization to parenchymal astrocytes from its localization to meningeal projections into the brain, including sheaths of blood vessels and stroma of the choroid plexus, in which regard our results are consistent with observations by Mercier & Hatton (2001) . 5. Perhaps the greatest doubts on reports of Cx26 expression in brain parenchyma were cast by the failure to detect b-galactosidase in astrocytes of transgenic mice that had one allele of the Cx26 coding sequence replaced by the LacZ reporter DNA (Filippov et al., 2003) . The relatively weak expression of Cx26 by astrocytes in contrast to the strong signals found in leptomeninges may be an explanation for this effect. Fixation methods may result in partial loss of b-galactosidase function and weak expression of the reporter gene could be missed as a consequence. Alternatively, the Cx26 lacZ allele may be an unreliable reporter for Cx26 expression particularly in astrocytes, in a manner analogous to the poor detection of b-galacosidase when using the Cx30 lacZ allele as a reporter for Cx30 expression, at least in hippocampal astrocytes (Gosejacob et al., 2011) . 6. Gap junctional coupling between hippocampal astrocytes is substantially reduced (50%) in mice with astrocyte-directed deletion of Cx43, with the remaining coupling presumably mediated by gap junctions consisting of Cx30 in these cells . Deletion of both Cx43 and Cx30 in astrocytes completely eliminated tracer-coupling between these cells in hippocampus (Wallraff et al., 2006; Gosejacob et al., 2011) . Although this may be taken as evidence against the expression of a third connexin in astrocytes (i.e. Cx26), the lack of coupling between hippocampal astrocytes after Cx43 and Cx30 ablation is consistent with our observations of immunolabelling for Cx26 in subcortical parenchyma and absence of labelling for Cx26 in mouse hippocampus.
Connexin coupling partners at O ⁄ A gap junctions
Due to earlier uncertainties surrounding Cx26 expression in astrocytes, potential glial connexin coupling partners of Cx26 were not assessed (Orthmann-Murphy et al., 2008) , but the present results now warrant consideration of this issue. It is known that Cx26 can form functional communicating channels with Cx30 (Yum et al., 2007) but not with Cx43 (White & Bruzzone, 1996; Gemel et al., 2004) , suggesting that in addition to Cx30 ⁄ Cx30 and Cx43 ⁄ Cx43 channels at A ⁄ A gap junctions, astrocytes may also form junctions containing Cx26 ⁄ Cx30 and Cx26 ⁄ Cx26 in grey matter tissue. Regarding A ⁄ O gap junctions, it has recently been reported (Magnotti et al., 2011) that Cx47 can form functional communicating channels with Cx43 and Cx30 (but see Orthmann-Murphy et al., 2008) but not with Cx26. Thus, Cx26 at these junctions may form functional communicating channels with Cx32, as it does in liver and in transfected cells in vitro (Elfgang et al., 1995; Nelles et al., 1996) . This possibility is supported by observations (Nagy et al., 2003) that immunolabelling for Cx26 at A ⁄ O gap junctions was moderately reduced in the absence of its potential Cx32 coupling partner in Cx32 KO mice.
